Aim: To investigate the effects of liraglutide, a glucagon-like peptide-1 (GLP-1) receptor activator, on body weight and waist circumference in Chinese overweight and obese type 2 diabetic patients. Methods: A total of 328 Chinese overweight and obese type 2 diabetic patients were included in this multi-center, open-labeled and self-controlled clinical study. The patients were subcutaneously injected with liraglutide once daily for 24 weeks as add-on therapy to their previous hypoglycemic treatments. Statistical analyses were performed using SPSS software package version 11.5 for Windows. Results: Liraglutide treatment caused significant reduction of the mean body weight (from 86.61±14.09 to 79.10±13.55 kg) and waist circumference (from 101.81±13.96 to 94.29±14.17 cm), resulting in body weight lose of 5%-10% in 43.67% patients, and body weight loss above 10% in 34.06% patients, who had significant lower plasma creatinine levels. Baseline waist circumference, BMI and HOMA-IR were independently correlated with the body weight loss. Furthermore, liraglutide treatment significantly decreased HbA1c levels (from 8.66%±2.17% to 6.92%±0.95%) with HbA1c<7.0% in 35.37% patients, who had a significantly lower baseline level of HbA1c, but higher baseline levels of C peptide and glucagon. Moreover, liraglutide treatment resulted in greater body weight loss in patients with a long duration of diabetes, and better glycemic control in patients with a short duration of diabetes. Conclusion: Liraglutide significantly reduces body weight and waist circumference in Chinese overweight and obese type 2 diabetic patients. Patients with apparent visceral obesity, insulin resistance and a long duration of diabetes may have greater body weight loss; whereas patients with high insulin-secreting ability, hyperglucagonemia, and short-duration diabetes may obtain better glycemic control with liraglutide.
Introduction
Type 2 diabetes is characterized by insulin resistance and progressive β-cell failure. Treatment often must be intensified over time, usually by a combination of agents that address both insulin resistance and β-cell dysfunction [1, 2] . However, several available therapies increase the risk for hypoglycemia and weight gain, which may reduce adherence and lead to poor glycemic control [3] . Glucagon-like peptide-1 (GLP-1)-based therapies, such as GLP-1 receptor activators, stimulate insulin secretion and reduce glucagon secretion only during hyperglycemia. Glucagon-like peptide-1 receptor activators also slow gastric emptying and reduce appetite [4] [5] [6] . Liraglu-www.chinaphar.com Feng P et al Acta Pharmacologica Sinica npg tide, a GLP-1 receptor activator, has proven to be efficient for glycemic control in type 2 diabetic patients both in China and throughout the world [7, 8] . Liraglutide is effective in patients with maturity-onset diabetes of the young (MODY) 3, and produces lower hypoglycemic risk than glimepiride [9] . Moreover, liraglutide has also been used as an anti-obesity therapy [10] . In addition, liraglutide is currently applied in the treatment of other insulin resistance-related diseases. In one study, researchers found that short-term combination treatment of liraglutide and metformin was associated with significant weight loss and a decrease in waist circumference in obese women with polycystic ovary syndrome who had previously been poor responders regarding weight reduction while on metformin monotherapy [11] . Another pilot study demonstrated that treatment with liraglutide had a good safety profile and significantly improved liver function and histological features in non-alcoholic steatohepatitis patients with glucose intolerance [12] . In a recent study, Dutch researchers found that in patients with pronounced insulin-associated weight gain, the addition of liraglutide to their treatment regimen reversed weight gain, decreased insulin dose and improved glycemic control [13] . However, except for two studies with small cohort numbers [14, 15] , there have been no large investigations into the effects of liraglutide on body weight and waist to hip ratio in Chinese obese type 2 diabetic patients. Moreover, the efficacy of liraglutide may be variable in patients of different ethnicities. In this study, we analyzed the effects of liraglutide on body weight and waist circumference in Chinese overweight and obese type 2 diabetic patients. In addition, we analyzed the characteristics of patients with greater weight loss and better glycemic control to determine improved clinical guidelines for care.
Patients and methods

Study design
This was a multi-center, open-labeled and self-controlled clinical study that included 43 centers in China. The Ethics Committee of the University Hospital at Tianjin approved the protocol, and the study was conducted according to the Declaration of Helsinki and the principles of Good Clinical Practice. All patients provided written informed consent before study entry.
Inclusion criteria: (1) Type 2 diabetes (WHO, 1999); (2) aged 18-75 years; (3) BMI ≥24 kg/m 2 [16] ; (4) HbA1c <9.0%; (5) without clinically significant cardiac, hepatic, renal or central nervous system diseases; and (6) naïve to hypoglycemic agents or receiving treatment with hypoglycemic agents or insulin for at least 3 months and stable for more than 1 month. According to the diagnostic criteria proposed by the Working Group on Obesity in China, overweight was diagnosed when BMI is >24 kg/m 2 , and obesity was diagnosed when BMI is >28 kg/m 2 [16] . Exclusion criteria: (1) women who were pregnant or planning to become pregnant, or were breastfeeding; (2) abnormal liver function with ALT greater than 2.5 times the normal range; (3) abnormal kidney function with blood creatinine ≥133 μmol/L; (4) hypersensitivity to liraglutide; (5) use of non-diabetic agents affecting glycemic control; (6) use of systemic glucocorticoids or weight loss drugs; (7) acute diabetic complication, infection, etc; (8) other endocrine diseases; (9) a history of pancreatitis, cancer of the pancreas, type 2 multiple endocrine neoplasia syndrome (MENS), or medullary thyroid carcinoma; and (10) inflammatory intestinal diseases or diabetic gastric paretitis.
Intervention: The study included 3 phases. Phase 1 was the screening phase (week -2 to week 0), during which patients meeting the inclusion criteria were enrolled into the study and continued their current life style interventions and hypoglycemic therapy for 2 weeks. Phase 2 was the titration phase (week 0 to week 6), during which treatment with 0.6 mg liraglutide was initiated in all patients. The dose was then increased to 1.2 mg or 1.8 mg, according to the fasting blood glucose (FBG) level, in 2 week intervals. The dose was then maintained at 1.2 mg or 1.8 mg during the study. Phase 3 was the maintenance phase (week 7 to week 24).
Liraglutide was injected subcutaneously once daily in the upper arm, abdomen, or thigh using a pen injector device. The patients were encouraged to inject liraglutide at the same time each day.
Primary endpoints were changes in body weight, BMI, waist circumference, and the ratio of waist circumference to height (WHR). Secondary endpoints included changes in HbA1c, fasting and postprandial blood glucose, changes in islet function, and changes in blood pressure. Hypoglycemia and other adverse drug reactions were also recorded. The participants were asked to test glucose levels whenever they had symptoms that might be related to hypoglycemia. Biochemical hypoglycemia was defined as a documented glucose level of less than 3.9 mmol/L. Severe hypoglycemia was defined as symptoms consistent with hypoglycemia, requiring the assistance of another person and that was associated with either a glucose level of less than 3.1 mmol/L or prompt recovery after administration of oral carbohydrate, intravenous glucose, or glucagon. Nocturnal hypoglycemia was defined as occurring after the bedtime injection and before the participant awoke in the morning.
Statistical analysis
Statistical analyses were performed using SPSS software package version 11.5 for Windows. Continuous variables are presented as the mean and standard deviation (SD). Differences among groups were evaluated using the Kruskal-Wallis H test. Differences before and after treatment were analyzed using the Wilcoxon signed rank sum test. Differences among groups for categorical data were evaluated using the chi-square test. Differences before and after treatment were analyzed using McNemar's test. A P-value of less than 0.05 (2-tailed test) was considered statistically significant. Multiple linear regression models were used to assess the associations between body weight loss and other variables as predictors. 
Results
Baseline characteristics
A total of 328 patients were included, and 241 patients completed the study. Eighty-seven patients withdrew from the study. The reasons for withdrawal were economic reasons (54 cases), adverse events (10 cases), inadequate glycemic control (4 cases), inadequate body weight control (3 cases), loss upon follow-up (9 cases), withdrawal of consent (3 cases), and switching to oral glycemic agents because of the improvement of blood glucose (3 cases). The adverse events leading to withdrawal included nausea, vomiting, and diarrhea, etc.
Statistical analysis was based on intention-to-treat (ITT) analysis including all 328 patients. The mean imputation method was used to replace missing values. The characteristics of the participants at baseline are presented in Table  1 . Among the 328 patients, 74 patients (22.56%) were treated with liraglutide alone, 96 patients (29.27%) were treated with liraglutide combined with insulin, 54 patients (16.46%) were treated with liraglutide combined with insulin secretagogues, and 104 patients (31.71%) were treated with liraglutide combined with non-insulin secretagogues (glycosidase inhibitors, thiazolidinedione).
Changes in body weight and WHR Except for 3 patients who had a mild body weight increase (increased 3.5, 1.9, and 2 kg), all of the other patients showed body weight loss at the end of the study ( Figure 1 34 .06% patients attained the targets of body weight loss of <5%, 5%-10%, and ≥10%, respectively. The percentage of patients with BMI<24 kg/m 2 increased from 0% at baseline to 32.32% by the end of study (P<0.01); the percentage of patients with BMI≥28 kg/m 2 decreased from 62% at baseline to 45.53% by the end of study (P<0.01). Patients with higher BMI values showed greater body weight loss. In patients with 24≤BMI<28, 28≤ BMI<30, or BMI≥30 kg/m 2 , the body weight reductions were 6.27±3.45, 7.28±3.60, and 8.67±5.14 kg, respectively (P=0.001) (Figure 2 ). After 24 weeks of combination therapy with liraglutide, 99 patients changed from obesity to overweight or Changes of body weight, waist circumference, BMI and WHR from baseline. Three-hundred and twenty eight patients were given liraglutide on the basis of their previous hypoglycemic medicine for 24 weeks. All the parameters were decreased during the treatment period, and the changes were of statistical significance (P<0.01). BMI, body mass index; WC, waist circumference; WHR, waist and height ratio. (Figure 4 ). In the patients whose body weight decreased by more than www.nature.com/aps Feng P et al Acta Pharmacologica Sinica npg 10%, baseline waist circumference, WHR and HOMA-IR were significantly higher than in the patients whose body weight decreased by less than 10%. Moreover, the patients whose body weight decreased by more than 10% had lower levels of plasma creatinine than the patients whose body weight decreased by no more than 10%. Other factors such as blood lipid level, duration of diabetes, blood pressure and baseline fasting C peptide and glucagon levels were not correlated with body weight loss ( Figure 5 ). After 24 weeks of treatment, body weight and waist circumference decreased to a greater extent in the patients with a longer duration of diabetes. In the patients with a disease duration of longer than 10 years, liraglutide treatment led to the most significant decrease in body weight and waist circumference (P<0.05, Figure 6 ).
Changes in blood glucose
During the study, both fasting blood glucose and postprandial blood glucose decreased continuously ( Figure 7 ). After 24 weeks of treatment, HbA1c decreased from 8.66%±2.17% to 6.92%±0.95% (P<0.05). The percentage of patients attaining HbA1c<7% changed from 8.54% (28/328) at baseline to 35.37% (116/227) at the 24th week. The percentage of patients attaining HbA1c<6.5% changed from 1.52% (5/328) at baseline to 16.77% (55/227) at the 24th week.
Characteristics of the patients who obtained glycemic control
Compared with the patients with HbA1c≥7%, the patients with HbA1c<7% had higher levels of baseline fasting C peptide and glucagon but a lower level of HbA1c (Figure 8 ). Other characteristics including age, body weight, waist circumference, fasting insulin level, and creatinine level were comparable between the groups. (Figure 9 ). The insulin dosage decreased from 0.45±0.25 IU/(kg·d) at baseline to 0.33±0.21 IU/(kg·d) at week 24.
Islet function and insulin resistance
Hypoglycemia and other adverse events
During the treatment period, 24 patients experienced 34 hypoglycemic episodes. No severe hypoglycemia was reported. Among the patients experiencing hypoglycemia, 10 patients were treated with insulin (9 patients with premixed insulin, 1 patient with basal insulin), 10 patients were treated with insulin secretagogues (6 patients with glimepiride, 4 patients Figure 5 . Characteristics of patients with body weight reduction greater than 10%. Patients with body weight decreased more than 10% had significantly higher level of baseline waist circumference, baseline WHR and HOMA-IR and lower level of plasma creatinine compared with those with body weight decreased less than 10%. Other factors such as age, diabetic duration, HbA1c, body weight were not different between groups.
b P<0.05 compared with patients with body weight decreased <10%. Figure 6 . Association between duration of diabetes and change in body weight, waist circumference at end of the study. After 24 weeks of treatment, body weight and waist circumference decreased greater in patients with longer duration of diabetes. Other characteristics including age, body weight, waist circumference, fasting insulin, creatinine were comparable between patients with and without HbA1c<7%. b P<0.05 compared with patients with duration of diabetes longer than 10 year.
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Acta Pharmacologica Sinica npg with repaglinide), 3 patients were treated with metformin, and 1 patient was treated with thiazolidinedione and voglibose. Among these patients, 2 withdrew from the study because of serious gastrointestinal side effects such as nausea, vomiting and diarrhea at the 2nd week; and 1 withdrew from the study because of decreased orexis. During the 24 weeks, 45 patients (14.85%) experienced gastrointestinal symptoms such as abdominal distention, nausea, diarrhea, and decreased orexis. Gastrointestinal symptoms occurred more frequently during the first 2 weeks and Discussion GLP-1 receptor activators are increasingly used as secondor third-line therapies in type 2 diabetic patients after failure of metformin monotherapy or in combination with other anti-diabetic medications [17] . In addition to being effective in improving glucose control by reducing HbA1c, therapy with GLP-1 receptor activators such as liraglutide also induces significant weight loss [18, 19] , which is a desirable effect in overweight and obese type 2 diabetic patients. This provides additional benefits in terms of slowing disease progression and improving the general cardiovascular risk profile [20] . In our study, most patients obtained various degrees of weight loss after liraglutide treatment for 24 weeks. The mean decrease in body weight was 7.34±4.23 kg, and the percentage of body weight loss was 8.47%±4.53%. Surprisingly, the body weight reduction in this study is higher than those in other studies. In another study of Chinese type 2 diabetic patients, liraglutide at a dose of 1.2 or 1.8 mg was associated with a 1.8-2.4 kg weight reduction. In that study, the baseline body weight of patients was 68.1±11.7 kg, which was significantly lower than that in our groups (86.61±14.09 kg) [8] . As proved in our study, the body weight decreased more in patients with higher baseline BMI and body weight. Therefore, it is reasonable to conclude that liraglutide is more potent in patients with higher body weight or BMI. The results in the present study are also inconsistent with studies conducted in Western countries with respect to body weight loss. In patients with BMI greater than 28 kg/m 2 , the mean body weight reduction was 1.5-3.3 kg, which is much lower than in our study [21] [22] [23] [24] [25] [26] . We suspect the substantial decrease of body weight in our study cannot be explained solely by higher baseline BMI. In another study, investigators found that at the same BMI values, Asian patients have a higher body fat composition than patients in Western countries [27] . In another study, investigators compared the abdominal fat distribution of Japanese (n=239) and Caucasian-Americans (n=177) aged 40-49 years, and found that Japanese men had more visceral adipose tissue at the same waist circumference. Therefore, we believe that Chinese patients have a higher level of body fat at the same BMI values and waist circumferences, which might explain why the patients in our study obtained greater weight loss than patients in Western countries. Waist circumference was also decreased to a greater extent in our group (from 101.81±13.96 to 94.29±14.17 cm) than in other groups (decreased 1.8-4.9 cm) in Western countries. Waist circumference is a marker of visceral obesity. In the HOPE study, the investigators found that after 4.5 years of follow up, patients in the third tertile of waist circumference had an increased adjusted RR of 23% for myocardial infarction, 38% for heart failure, and 17% for total mortality [28] . Therefore, we speculate that liraglutide may have long-term cardiovascular-protective roles for Chinese obese type 2 diabetic patients through effective weight control and waist circumference improvement.
Not all patients obtained weight loss in our study. A total of 3 patients had a weight increase, and approximately 25% of patients did not obtain the target of weight control (defined as a decrease of 5%). In our study, waist circumference, HOMA-IR and BMI were independent predisposing factors for body weight loss. Considering the high cost of liraglutide, we conclude that it is more efficient in patients with higher waist circumference and insulin resistance. Fadini et al [29] found that in type 2 diabetic Italian patients, the only independent determinant of weight loss was baseline BMI, which is different from the present study. The reason for the difference is not clear. The difference in ethnicity may be a reason. Moreover, the sample size of our subjects is greater than that in Fadini's study, which might be another reason for this difference.
Moreover, we found that in patients with greater weight loss (>10%), baseline plasma creatinine was lower than that in patients with a lower decrease in body weight (55.32±32.68 vs 72.55±33.94 µmol/L). For both groups, the average plasma creatinine was in the normal range, which apparently did not reflect the effects of kidney function. Moreover, the serum urea nitrogen was not different between the two groups (6.79±6.99 vs 6.34±8.85 mmol/L). Therefore, diet could not explain the difference in plasma creatinine level between the two groups. However, creatinine is also a marker of muscle mass [30] ; and therefore we believe that liraglutide may bring greater weight loss in patients with less muscle mass. At the same BMI level, patients with less muscle mass have more fat mass. Therefore, our results further support that liraglutide is more effective at reducing body weight in patients with greater waist circumferences and HOMA-IR values. Plasma creatinine may be a useful marker for patients who will obtain greater weight loss results from treatment with liraglutide.
In our study, liraglutide treatment also led to significant improvements in HOMA-IR in type 2 diabetic patients. Insulin dosage decreased from 0.45±0.25 IU/(kg·d) at baseline to (0.33±0.21) IU/(kg·d) at week 24. A decrease in body weight might be a reason for the improvement in insulin resistance. However, in our study, we also found that liraglutide treatment led to a significant reduction in waist circumference (8.08±5.31 cm). Waist circumference is a marker of visceral obesity [31] . In a study by Jendle et al, a significant loss of visceral fat was found after liraglutide therapy [32] . Therefore, liraglutide may improve insulin resistance by lowering visceral obesity.
In the LEAD 1 study, 42% and 21% of subjects treated with liraglutide at 1.8 or 1.2 mg for 26 weeks reached HbA1c<7.0% and ≤6.5%, respectively. In our study, HbA1c decreased from 8.66%±2.17% to 6.92%±0.95% after 24 weeks of combination therapy with liraglutide (P<0.05). Approximately 35.37% obtained HbA1c levels of <7%, and 16.77% obtained the target of HbA1c<6.5%. Therefore, liraglutide is not efficient in every patient to establish glycemic control. The patients who attained the target level for glycemic control (HbA1c<7%) www.chinaphar.com Feng P et al Acta Pharmacologica Sinica npg had higher baseline levels of C peptide and glucagon than their counterparts. Therefore, we conclude that liraglutide is more efficient in patients with a higher level of insulinsecreting function and hyperglucagonemia. Our result is in concordance with other studies, which suggested that liraglutide should be recommended to type 2 diabetic patients in the early phase of the disease, when there is still sufficient insulin secretion. Therefore, higher levels of C peptide and glucagon may be useful markers for patients who will potentially obtain better glycemic control. In our study, we did not find a significant reduction in glucagon levels before and after liraglutide treatment. We also conducted a subgroup analysis in patients with different durations of type 2 diabetes but still did not find any differences in glucagon either in newly diagnosed patients, with a disease duration of less than 3 years, or in patients with a duration of greater than 10 years. However, in the LEAD 3 study, a significant decrease was noticed after liraglutide treatment in newly diagnosed diabetic patients [33] . Considering the large variation in glucagon levels between patients in our study, a large study is needed to clarify the effects of liraglutide on glucagon secretion in obese Chinese type 2 diabetes patients. In this study, we did find a difference between the doses of 0.6 and 1.2 or 1.8 mg, but we did not find a difference between the doses of 1.2 and 1.8 mg in terms of body weight-lowering effects of liraglutide. However, there were only 4 cases using 0.6 mg in our study; therefore, it is unclear whether 1.2 or 1.8 mg is superior to 0.6 mg. On the other hand, from the aspect of body weight control, 1.2 mg may be a suitable dosage to minimize side effects and decrease cost.
However, our study has some limitations. First, we used the ITT method to analyze all the patients to maintain the sample size and to avoid overoptimistic estimates of the efficacy of an intervention [34] , but ITT analysis does have some limitations [35] . Moreover, we did not include a control group without liraglutide therapy; this attenuates the stringency of the results concerning the weight-loss and glucose-lowering effects of liraglutide.
In conclusion, liraglutide is more effective at controlling body weight and waist circumference for Chinese overweight and obese type 2 diabetic patients than at controlling that of patients in Western countries. Patients with greater BMI, waist circumferences, insulin resistance, long durations of diabetes, and low creatinine levels may obtain greater weight loss; patients with higher C peptide and glucagon levels and short durations of diabetes may obtain greater glycemic control.
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